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Abstract. The problem of moving of a charged particle in electromagnetic field is
considered in terms of tomographic probability representation. The coherent and
Fock states of a charge moving in varying homogeneous magnetic field are studied
in the tomographic probability representation of quantum mechanics. The states are
expressed in terms of quantum tomograms. The Fock state tomograms are given in
the form of probability distributions described by multivariable Hermite polynomials
with time-dependent arguments.
The obtained results are generalized in the present work and are applied to determining
the transition probabilities between Landau levels.
Transition probabilities are calculated using the symplectic tomograms instead of the
wave functions. The same method is used in obtaining the transition probabilities
between the Landau levels possessed by a charge moving in varying electromagnetic
field.
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1. Introduction
In [1] the coherent states of a charge moving in a constant uniform magnetic field were
introduced. The coherent states correspond to Gaussian wave packet [2] which moves
along the classical cyclotron trajectory with time-independent position dispersions. Such
states were also studied in [3] and applied in [4] - [7]. A new formulation of quantum
mechanics where the fair tomographic probability distribution was used as alternative
of wave function and density matrix has been suggested in [8]. The coherent states
and Landau levels of charge moving in the magnetic field were studied in framework
of the tomographic probability representation of quantum states in [9]. The charge
moving in time-dependent magnetic field was studied in coherent-state representation
in [10], [11]. There the parametric excitation of the Landau levels by varying magnetic
field was considered by using the coherent state method and explicit expressions for
the transition amplitudes were found in terms of classical polynomials. On the other
hand the excitation of the Landau levels can be reconsidered in framework of new
formulation of quantum mechanics. The aim of our work is to find the tomographic
probability distributions called tomograms describing the charge coherent states and the
Landau levels and their nonstationary analogs. We obtain new formulas for transition
probabilities between the Landau levels expressed in terms of the tomograms of the
charge quantum states. The paper is organized as follows. In Sec.2 we review the
problem of coherent states both in time-independent and time-dependent magnetic
fields. In Sec.3 we construct quantum tomograms of Landau energy level states and
the Gaussian packets corresponding to the coherent states. In Sec.4 we provide explicit
formulas for the transition probabilities from Landau levels to the ground Landau state
expressed in terms of integrals of the state tomograms products.
2. Coherent states of charge moving in magnetic field
The problem of a charge moving in magnetic field was studied in [12] for the constant
field case and in [9] for the time-dependent case correspondingly.
One can consider a charged particle with mass m = 1 and charge e = 1 moving in
magnetic field ~H = (0, 0,H) with a vector potential ~A = 1
2
[
~H× ~r
]
.
The Hamiltonian of this quantum system will be
H =
1
2
[
(px − Ax)2 + (py −Ay)2
]
, c = 1 (1)
Let’s introduce a cyclotron frequency ω (t) = H (t). For the constant case it can be
introduced as ω = 1. Using the method of integrals of motion [1], [10] and introducing
the operators
Aˆconst =
(px + ipy) +
1
2
(y − ix)√
2
,
Bˆconst =
(py + ipx) +
1
2
(x− iy)√
2
(2)
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for constant magnetic field and
Aˆvar (t) = exp
(
1
2
i
∫ t
0
ω (τ) dτ
)
ε (t) (px + ipy)− iε˙ (t) (y − ix)
2
,
Bˆvar (t) = exp
(
−1
2
i
∫ t
0
ω (τ) dτ
)
ε (t) (py + ipx)− iε˙ (t) (x− iy)
2
, (3)
where ε (t) as it was stated in [10] corresponds to the both equations ε¨ (t)+ 1
4
ω (t)2 ε (t) =
0 and d
2
dt2
|ε (t)| + 1
4
ω (t)2 |ε (t)| − 1|ε(t)|2 = 0. For axially symmetric time-dependent
magnetic field, we can obtain the quantum states corresponding to this motion
〈x, y |α, β〉const =
√
1
π
e−
(x2+y2)
2 e−
1
2(|α|2+|β|2)+[β(x+iy)+iα(x−iy)]−iαβ (4)
〈x, y |α, β〉var = 1√
πε
exp
[
iε˙
2ε
(
x2 + y2
)
− 1
2
(
|α|2 + |β|2
)
+
1
|ε|
(
βςe−iγ− + iας∗e−iγ+ − iαβe−i(γ++γ−)
)]
, (5)
where α, β are real parameters of coherent state, ς = x + iy and γ± =∫ t
0
[
|ε (τ)|2 ± H (r)
]
dr.
In the following consideration of time-dependent magnetic field we will introduce for
brevity ω = ω (t), ε = ε (t) .
The states (4) and (5) are called coherent states and they are related to the Fock states
as follows
|α, β〉 = exp
[
−1
2
(
|α|2 + |β|2
)] ∞∑
n1,n2=0
αn1βn2√
n1!n2!
|n1, n2〉. (6)
The corresponding Fock states are eigenstates of the Hamiltonian operator H and
angular momentum operator Lz:
H|n1, n2〉 =
(
n1 +
1
2
)
|n1, n2〉,
 Lz|n1, n2〉 = (n2 − n1) |n1, n2〉. (7)
As it was shown in [1] the motion under consideration corresponds to a Gaussian wave
packet with a center moving along the classical trajectory.
3. Tomographic representation of quantum states and energy levels of a
charge moving in magnetic fields
The function called symplectic tomogram was introduced in [8]. This function connected
with density matrix by Radon transform can determine quantum states as well.
w (X, µ, ν) = Trρ · δ (X− µq− νp) , (8)
where q and p are position and momentum operators respectively, X , µ, ν are reals and
X = µq+νp. The tomogram is nonnegative probability distribution of random variable
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X which is position in rotated and rescaled reference frame in the phase-space. It is
also a homogeneous normalized function. The inverse of (8) reads
ρ =
1
2π
∫
w (X, µ, ν) ei(X−µq−νp)dXdµdν. (9)
The symplectic tomogram of pure state with the wave function ψ (y) is determined by
the formula:
w (X, µ, ν) =
1
2π |ν|
∣∣∣∣
∫
ψ (y) e
iµ
ν
y2− iX
ν
ydy
∣∣∣∣2 , (10)
which is related to fractional Fourier transform of the wave function. Formulas (8)-
(10) can be generalized for a system with several degrees of freedom. For two degrees of
freedom the symplectic tomogram w (X1, µ1, ν1,X2, µ2, ν2)is determined by the fractional
Fourier transform of the wave function ψ (y1, y2) and it reads
w (X1, µ1, ν1,X2, µ2, ν2) =
1
4π2 |ν1ν2|
∣∣∣∣
∫
ψ (y1, y2) e
iµ1
2ν1
y2
1
+
iµ2
2ν2
y2
2
− iX1
ν1
y1− iX2ν2 y2dy1dy2
∣∣∣∣ . (11)
For brevity we will use w = w (X1, µ1, ν1,X2, µ2, ν2). Using (11) we can calculate
symplectic tomograms directly from the wave functions. In such a manner there was
yielded the symplectic tomogram wconstα,β of coherent state of a charged particle moving
in a constant magnetic field in [12].
wconstα,β =
e−|α|
2−|β|2
2π
√
ν1
4
2 + µ21
√
ν2
4
2 + µ22
∣∣∣∣∣∣∣exp


(
β+iα√
2
− iX1
ν1
)2
1− 2iµ1
ν1
+
(
iβ+α√
2
− iX2
ν2
)2
1− 2iµ2
ν2
− iαβ


∣∣∣∣∣∣∣
2
. (12)
Using the formula (6) we can see that a tomogram of a Fock state wconstn1n2 can be derived
from (12).
wconstn1n2 =
1
n1!n2!
1
2π
√
ν1
4
2 + µ21
√
ν2
4
2 + µ22
∣∣∣∣∣∣exp

− X21
ν21
(
1− 2iµ1
ν1
) − X22
ν22
(
1− 2iµ2
ν2
)


∣∣∣∣∣∣
2
×
×
∣∣∣H{S}n1n2
(
~k
)∣∣∣2 , (13)
where H{S}n1n2
(
~k
)
is an Hermite polynomial of two variables,
S =

 b˜ −i
(√
2a˜− 1
)
−i
(√
2a˜− 1
)
−b˜

, ~k = √2

 X1ν1−2iµ1 − iX2ν2−2iµ2−iX1
ν1−2iµ1 +
X2
ν2−2iµ2

,
a˜ = 1
1−2 iµ1
ν1
+ 1
1−2 iµ2
ν2
, b˜ = 1
1−2 iµ1
ν1
− 1
1−2 iµ2
ν2
.
Analogeously for the time-dependent magnetic field
wvarα,β =
e−|α|
2−|β|2
2π
∣∣∣( ε˙
2ε
ν1 + µ1
) (
ε˙
2ε
ν2 + µ2
)∣∣∣ |ε|2 ×
×
∣∣∣∣∣∣exp

− X21
2ν21
(
i ε˙
ε
+ 2iµ1
ν1
) − X22
2ν22
(
i ε˙
ε
+ 2iµ2
ν2
)


∣∣∣∣∣∣
2 ∣∣∣e− 12ΛDΛT+ΛDl∣∣∣2 , (14)
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where ~Λ =
(
α β
)
, D =


e−2iγ+
i|ε|2 b
e−i(γ++γ−)
|ε|2 (i− a)
e−i(γ++γ−)
|ε|2 (i− a) −e
−2iγ
−
i|ε|2 b

,
l =


e−iγ+
|ε|
(
X1
i( ε˙εν1+µ1)
− X2
( ε˙εν2+µ2)
)
e−iγ−
|ε|
(
− X1
( ε˙εν1+µ1)
+ X2
i( ε˙εν2+µ2)
)

, a = 1ε˙
ε
+2
µ1
ν1
+ 1ε˙
ε
+2
µ2
ν2
, b = 1ε˙
ε
+2
µ1
ν1
− 1ε˙
ε
+2
µ2
ν2
.
The tomogram of the Fock state can be easily calculated using the property of coherent
states to be a generating function for the Fock states:
wvarn1n2 =
1
n1!n2!
1
2π
∣∣∣( ε˙
2ε
ν1 + µ1
) (
ε˙
2ε
ν2 + µ2
)∣∣∣ |ε|2 ×
×
∣∣∣∣∣∣exp

− X21
ν21
(
i ε˙
ε
+ 2iµ1
ν1
) − X22
ν22
(
i ε˙
ε
+ 2iµ2
ν2
)


∣∣∣∣∣∣
2 ∣∣∣H{D}n1n2
(
~l
)∣∣∣2 . (15)
4. Transition probabilities between Landau levels
The problem of calculating of transition probabilities between Landau levels with the
help of wave function is well studied. Transition probability Pm1m2n1n2 between the states
with the wave functions ψn1n2 and ψm1m2 is equal:
Pm1m2n1n2 =
∣∣∣∣
∫
ψ∗n1n2 (x, y)ψm1m2 (x, y) dxdy
∣∣∣∣2 , (16)
where ψm1m2 (x, y) correspond to the final and ψn1n2 (x, y) to the initial state. These
two states are non-orthogonal and coherent states can be expanded in them according
to the formula (6) for the cases of constant and varying magnetic field as well. The
tomographic approach allows to find Pm1m2n1n2 in terms of symplectic tomograms:
Pm1m2n1n2 = Tr ρn1n2ρm1m2 =
1
4π2
∫
wn1n2 (X1, µ1, ν1, X2, µ2, ν2)wm1m2 (Y1, µ1, ν1, Y2, µ2, ν2)×
×ei(X1−Y1+X2−Y2)dX1dY1dµ1dν1dX2dY2dµ2dν2. (17)
We consider a situation when the particle possessing a quantum state |n1, n2〉 in a
constant magnetic field transit to the ground state |0, 0〉 when the time-dependent
magnetic field is “switched off”. In [10] were calculated transition probabilities in terms
of wave functions:
Pm1m2n1n2 =
m2!n1!
m1!n2!
Rm1−n1 (1− R)n2−n1+1
∣∣∣J(m1−n1,n2−n1)n1 (1− 2R)
∣∣∣2 , (18)
where J (s,m)n (x) is Jacobi polynomial and R can be treated as a reflection coefficient
of a particle from the one-dimensional effective potential [10]. Using the symplectic
tomograms derived in the Sec. 3 we provide corresponding transition probabilities by
the formula (17):
P00n1n2 =
1
16π4
1
n1!n2!
∫ 1√(
ν2
1
4
+ µ21
) (
ν2
2
4
+ µ22
) ∣∣∣( ε˙
2ε
ν1 + µ1
) (
ε˙
2ε
ν2 + µ2
)∣∣∣ |ε|2 ×
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×
∣∣∣∣∣∣exp

− X21
ν21
(
i ε˙
ε
+ 2iµ1
ν1
) − X22
ν22
(
i ε˙
ε
+ 2iµ2
ν2
) − Y 21
ν21
(
1 + 2iµ1
ν1
) − Y 22
ν22
(
1 + 2iµ2
ν2
)


∣∣∣∣∣∣
2
×
×
∣∣∣H{S}n1n2
(
~k
)∣∣∣2 ei(X1−Y1+X2−Y2)dX1dY1dµ1dν1dX2dY2dµ2dν2, (19)
The integral (19) has such a form that the time-dependent function ε (t) disappears after
integration. For the case of transition between the ground states we have P0,00,0 = 1− R
[10]. Comparing with (19) we obtain an integral equation for reflection coefficient R,
that can’t be calculated directly:
R = 1− 1
16π4
∫
1√(
ν2
1
4
+ µ21
) (
ν2
2
4
+ µ22
) ∣∣∣( ε˙
2ε
ν1 + µ1
) (
ε˙
2ε
ν2 + µ2
)∣∣∣ |ε|2 ×
×
∣∣∣∣∣∣exp

− X21
ν21
(
i ε˙
ε
+ 2iµ1
ν1
) − X22
ν22
(
i ε˙
ε
+ 2iµ2
ν2
) − Y 21
ν21
(
1 + 2iµ1
ν1
) − Y 22
ν22
(
1 + 2iµ2
ν2
)


∣∣∣∣∣∣
2
×
×ei(X1−Y1+X2−Y2)dX1dY1dµ1dν1dX2dY2dµ2dν2. (20)
5. Conclusion
To resume we point out the main results of our work. We studied the problem of finding
the transition probabilities between the Landau levels induced by time-dependence of
the homogeneous magnetic field during some period of time using the tomographic
probability description of the quantum states. The transition probability is expressed
in terms of nonlocal integral of the product of tomograms of initial quantum state
and final quantum state with exponential kernel. We have shown that this integral
is expressed in terms of Jacobi polynomial which corresponds to standard calculation
of the transition probabilities by using the overlap integral of the initial and final wave
functions. We presented explicit expression for the integral given in terms of tomograms
for the case of transition probabilities from initial Landau level with arbitrary energy
and angular momentum to the ground state Landau level. We generalize the obtained
result to the case of presence of the varying electric field in future work.
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